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above-mentioned endog nous cellular components. 

It was found that in plants, at the onset of the cell cycle arrest at the abiotic stress 
conditions, the endogenous Cyclin Dependent Kinases (CDK's) were phosphorated at a 
tyrosine at position 1 5 and optionally also at a threonine residue at position 14. 

5 In most plants for which CDK sequences have been identified, the positions of the 

said tyrosine and threonine residues are at positions 15 and 14, respectively, this is e.g. 
the case for CDC2a of Arabidopsis thaliana. It is however possible that, e.g. during the 
course of evolution, in some plant CDK's the respective positions of these consensus Y-1 5 
and T-14 have been shitted somewhat, i.e. as a result of one or more deletions or 

10 additions at the N-terminus of the protein. The terms "tyrosine at position 15" and "threoni- 
ne residue at position 14" as used herein, are therefor meant to encompass the pos.t.ons 

L 14 and 15 of the respective CDK. as well as such positional changes of the said tyrosine 
and threonine residues within the plant CDK protein, wherein the characteristic of these 
residues being phosphorated at the onset of the stress-induced cell cycle arrest ,s 
- - retained This means that the said positions as defined herein correspond to the tyrosine 
at position 15 and the threonine at position 14 of CDC2a of Arabidopsis thaliana. 

rcS ^Wrth "plant CDK" is meant to encompass all plant CDK proteins having a cell cycle 
regulatory function In plants or plant cells having the above-mentioned phosphorylatable 
tyrosine residue, and optionally in addition thereto, the said threonine residue. Examples 
of these CDK's are the members of the CDC2 family, as identified in AmbidopsfS thahana, 
such as CDC2a and CDC2b. 

In particular it was found that at the onset of the cell cycle arrest at the ab«otic 
stress conditions, the plant CDK protein, being functionally equivalent to the known 
CDC2a of Arabidopsis thaliana, was phosphorylated at a tyrosine and optionally also at a 
threonine residue, corresponding to the tyrosine of position 15 and the threonine of 
1ft position 14 ofsaidCDC2a respectively. 

The said phosphorylation appeared to be one of the key events m abiotic stress- 

induced cell cycle arrest. , 
With "plant CDK protein, functionally equivalent to the known CDC2a of 
Arabidopsis thaliana" is meant each CDK protein having a similar regulatory function as 
CDC2a of Arabidopsis thaliana in plants or plant cells respectively, e.g. having the 
PSTAIRE cyclin binding motif, and the above-mentioned phosphorylatable tyros.ne and 

threonine residues. . . . . 

,t could surprisingly be shown that the downregulation of the cell division of plants, 
exposed to abiotic stress, was effectively counteracted by the presence of a CDK. in 
particular CDK. equivalent to CDC2a of Arabidopsis thaliana, being fr e of a phosphate at 
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obtaining stress tolerance. 

A preferred embodiment of the present invention is by conferring to the plant the 
capacity to produce, at the stress conditions, a CDK mutein, of which Y-15 is substituted 
to a non phosphorylatable residue. When the plant is able to produce such a CDK mutein, 
said mutein wiil substantially not be sensitive for the phosphorylation system, triggering the 
stress-induced cell cycle arrest. In this way, the plant circumvents the downregulation of 
the cell cycle, being more tolerant to said stress conditions. The term "CDK mutein". used 
herein, is defined as a CDK fragment or CDK protein comprising at least one mutation, 
e.g an amino acid substitution, deletion or addition. Additionally, phosphorylation of T- 
14 may play a potentiating or mediating role in the above-discussed downregulation 
mechanism. Therefore, in another preferred embodiment of the method according to the 
present invention, the CDK mutein also comprises a non phosphorylatable amino acid 

residue at position 14. 

Preferably, the said mutein is derived from endogenous CDK of the stress tolerant 
plant to be obtained. By starting from the endogeneous CDK, the risk of malfunctioning 
muteins is minimised. However, in view of homology between different plant CDKs, it will 
be obvious to the skilled person that it is also possible to use CDK from another plant 
species CDK, of e.g. yeast or verterbrate origin may. dependent on the homology with the 
endogenous plant CDK. as well be suitable in the present invention; the suitability can 
20 easily be determined by the skilled person. 

In a preferred method for obtaining stress tolerant plants according to the present 
Invention, the said capacity is conferred to one or more cells of said plant by a) trans- 
forming one or more plant cells with a vector, at least comprising, under the control of a 
promoter functional in the said plant cells, a DMA sequence, coding for a mutated cdk 
ks gene of Arabidopsis thaliana or functional equivalent gene of another species, the gene 
product thereof being a CDK mutein functional in the said plant cells and comprising a non 
phosphorylatable amino acid residue at the position of the CDK mutein. corresponding to 
the tyrosine on position 15 of CDC2a of Arabidopsis thaliana, b) by regenerating a plant 
from one or more of the transformed plant cells, e.g. by the Agrobacterium tumefaciens 
transformation system. However, other transformation methods known in the field may be 
used. With "mutein, functional in plant cells", muteins are meant, which, when expressed 
in the said plant cells, lead to improved stress tolerance of the said cells. 

Preferably, the mutein also comprises a non phosphorylatable amino acid residue 

at position 14 of the CDK mutein. 

As non phosphorylatable amino acid residue substituting Y-15 (i.e. the tyrosine of 
th CDK corr spending to the tyrosine on position 15 of CDC2a of Arabidopsis thaliana), 
th CDK mut in preferabty comprises a Y-15 -> F-15 mutation. F being phenylalanine. In 
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Similarly, as non phosphorylatable amino acid residue substituting T-14 <| e th . 

rrr «, , e cdk ' co,respond,n9 10 *• - 
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CaMV^S promoter, or e.g. to .ransfom, th. plants wfth nucleic adds coding for anti- 
sens. RNA. capable to basepalr wim. and leading to cleavage of. the mRNA^oL, t 
any protein that is desired to be knocked out. like VVbe-klnaseJnRNA 

The present invention also relates to a vector, at least comprising a promoter 
lunotlonal in plant cells, operably linked to a DNA sequence, coding for a mutated «*2a 
gene of A^/obps* m**m or functionally equivalent gene of anomer species, preferably 

BeTO ,hBre °' " e,n0 " CDK mutein in *• «*• Pbnt 

cells and eompns, n g, in the CDK mutein. a non phosphorylatable amino acid residue a 

*. P-ton. corresponding to me tyrosine on posHon 15 of CDC2a. Preferable 

mlL r ""T* 8 «•» — «-*- a, the posiuontf *e 

mute.,, «nespond,ng to the threonine on posMon 14 of said CDC2a. In order to min J» 

£, T T 1 m * h ™*"«*'- « * « - Pfent CDK gene is 

germed w«, a vector of this type, pM cells are capabte of producing^ ab^o 

S£T 5 ' °? n °' SUSC6ptible to *• *°velcus,ed regutton, 

phosphoryleton events, therefor leading to stress tolerant plants or plant cells 

cperablTw'nteTto ^mT™* """" * Promoter ' *"«*»- •*« cells, 

capat oTd . h ° h NA ^ uence ' co *"9 <°< CDC2a or a functional analogue thereof, 
capabl of dephcsphorylatmg at .east the tyrosln of at least one plant CDK 
corresponding with the tyrosin on position 15 of CDC2a of Araolobps* „, a „ ana . such a 
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vector can be used to transform plants in order to, as is discuss d above, express CDC25 
in plants, resulting in dephosphorylation of Y-15 and optionally the T-14 of the 
endogenous plant CDK, Lading to improved stress tolerance. 

The invention will be further illustrated with the following non-limiting examples. 

5 

Example 1. 

Morphological alterations in response to salt stress an d correlation to the expression of 
cell cvcle re gulatory genes. 

In order to investigate morphological alterations in response to salt stress, an histochemi- 
io cal analysis of three known plant cell cycle regulating proteins was performed. Therefor, 
time course experiments were performed on transgenic plants transformed with cyclin 
(CycA2;1, CycB1;1) and CDK (CDC2aAt) promoter-gus fusions respectively. Both cyclin 
and CDK promoters originated from Arabidopsis thaliana. Ten days old Arabidopsis plants 
were transferred to solid media containing 1% NaCI ; GUS activity and morphological 
is changes were observed after 12hrs, 36hrs, 4 days. 1 week and two weeks. After 12hrs 
treatment the promoter activities declined in the apical meristem, before any 
morphological change was visible. After 36 hrs growth in the presence of salt the swollen 
roottips showed a decrease in expression of all cell cycle genes concomitant with a 
shrinkage of the root apical meristem. After four days, morphological alterations in the 
20 aerial part of the stressed plant were clearly visible when compared to control. The 
stressed plants were shorter due to a less elongated hypocotyl and the leaves were 
smaller. During adaptation to stress an induction of CycA2;1 and CycB1;1 expression in 
the shoot apical meristem could be noticed. Measurements of the length of the leaves and 
of the length of the meristematic region in the roots made after two weeks growth on salt 
>25 containing medium, demonstrated a strong reduction in comparison to control plants. The 
number of leaves initiated was significantly lower in salt stressed plants than in control 
| plants. In expanding leaves of salt stressed plants no GUS staining for CycB1;1 nor 
CDC2aAt expression could be detected contrarily to control plants, illustrating the decline 
In mitotic activity In these organs. 
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Example 2. 

Improved tolerance to salt stress of Arabidopsis thaliana containing a CDC2a-Yl5F/T14A 
mutant aene under the control of a CaMV3 5S promoter 

A comparative study was made between transgenic Arabidopsis plants containing a 
CDC2a-Y15F/T14A mutant gene und r the control of a CaMV35S promoter, and wild-typ 
plants, in response to salt stress. Arabidopsis plants (ecotype C24) were engineered 
containing a mutated form of the CDC2aAt gene in which the phosphorylation sites T14 
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(Threonine at amino add posjtion „ 
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1 . Method for obtaining plants, tolerant to abiotic stress conditions, by conferring to a 
plant the capacity to counteract the stress-induced downregulation of cell division, 
mediated by endogenous cellular components. 

2. Method according to claim 1 , characterised bv conferring to the plant the capacity 
to provide, at the stress conditions, Cyclin Dependent Kinase (CDK) protein, a 
substantial portion thereof being free of phosphate at the tyrosine at position 15. 

3. Method according to claim 2. the CDK protein being free of phosphate groups at 
both the tyrosine and the threonine, corresponding to the tyrosine at position 15 
and the threonine at position 14, respectively. 

4. Method according to claim 2 or 3, characterised in that the Cyclin Dependent 
Kinase (CDK) protein is functionally equivalent to CDC2a of Ambidopsis thaliana. 

5 Method according to any of the preceding claims, characterised by conferring to 
the plant the capacity to provide at the stress conditions. CDC25 or a functional 
analogue thereof, capable of dephosphorylating at least the tyrosine at position 15 
of the endogenous CDK of the said plant. 

6 Method according to any of the preceding claims, characterised by conferring to 
the plant the capacity to inhibit, at the stress conditions, the expression or activity 
of at least Wee-kinase or a functional equivalent thereof, thereby inhibiting the 
endogenous phosphorylation of at least the tyrosine at position 15 of the CDK of 
the said plant. 

7. Method according to any of the preceding claims, characterised by conferring to 
the plant the capacity to produce, at the stress conditions, a CDK mutein, of which 
the tyrosine at position 15 is substituted to a non phosphorylatable residue. 

8. Method according to claim 7, c.h«mrfwtaed in that the CDK mutein also comprises 
a non phosphorylatable amino acid residue at position 14. 

9. Method according to any of th preceding claims, characterised in that th said 
capacity is conferred to one or more cells of said plant by a) transforming one or 
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more plant celts,™, a vector, at least comprising under 1h eontrol o. a n m , 
tunc*™, in the said pian. celfc, a DNA s quence. codtng tor^ll 

****** ^ or ^ a 9 n l a r «* sene 

product hereof being a CDK mutein fun*™,, ° ^ said p Ta„ itT^ 
»n g a non phosphotylatabie amIno acM ^ %Z 

pending to the threonine on position 14 of said CDC 2a ^ 

Method according to claim 9 or 10, ^mej^Jn^ the CDK mut. n 
comprises a Y-15->F-15 mutation. Utem 

Method according to claim 10 or 11, character,^ r ^ tne CDK m „ tefn , 
comprises a T-14 -> A-14 mutation. 3,80 

onaiiy equivalent gene of another species, preferably a plant species ft. „ 

product thereof being a CDK mutein functional in the said Z L ^ZTc^ 
smg a non phosphorylatable amino add residue at the posfcon of^n! CD* ZST 
corresponding to the tyrosine on position 1SofCDC2a. mon of tne CDK mutein, 

Vector according to claim 14, characterised in th*t «^ * • . 

non phosphor, latab* amtoo a e,dS ^ e po !2 oTtnT T, " 

4* g to me threonine on P os*on 14of Z CD«a mU,Bln ' M,re5P ' n - 

Veotoraooordina to any of the olaims ,4-15. £baa£lsfeesUlUha ^ mutated ^ 

nv rzr r*" *• codin9 sequence ,or coc2a 

na, Y-15 being mutated to F-15. 
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17. Vector according to any of the claims 14-15, qharacteris d in that the mutated odk 
gene sequence comprises the coding sequence for CDC2a of Arabidopsis thalia- 
na, Y-15 being mutated to F-15 and T-14 to A-14. 

5 1 8. Vector, at least comprising a promoter, functional in plant cells, operably linked to a 
DNA sequence, coding for CDC25 or a functional analogue thereof, capable of 
dephosphorylating at least the tyrosine at position 15 of at least one plant CDK. 

1 9. Vector according to any of the claims 14-1 8, characterised in that the promoter is 
io inducible by abiotic stress conditions. 

20. Plant cell, transformed with a vector according to any of the claims 14-19. 

21 . Plant, tolerant to abiotic stress, in particular salt stress, obtainable by the method 
15 according to any of the claims 1-13. 

22. Progeny of a plant according to claim 21 . 

23. Plant material such as roots, flowers, fruit, leaves, pollen, seeds, seedlings or 
tubers, obtainable from a plant according to claim 21 or 22. 
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24. Mutein of CDK, functionally equivalent to CDC2a of Arabidopsis thaliana, the 
mutein being functional in at least one plant species, comprising a non phospho- 
rytatable amino acid residue at the position of the CDK mutein, corresponding to 
the tyrosine on position 1 5 of CDC2a of Arabidopsis thaliana. 

25. Mutein according to daim 24, ^amcterised in that the mutein also comprises a 
non phosphorylatable amino acid residiue at the position of the mutein, correspon- 
ding to the threonine on position 14 of said CDC2a. 
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